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(54) Fuel reformer 



(57) A reformer (5) which generates hydrogen-rich 
reformate gas by causing a catalytic reaction of fuel and 
air comprises a premixing chamber (12) for premixing 
the fuel with the air. High temperature air is supplied to 
the premixing chamber (1 2) from an air intake tube (1 3) 
via an orifice (1 4). A fuel injector (1 6) injects the fuel into 



the flow of the high temperature air in the premixing 
chamber (12) to generate fuel-air mixture. A homoge- 
nizing filter (1 7) homogenizes the composition of the fu- 
el-air mixture in the premixing chamber (12) and sup- 
plies a uniform fuel-air mixture to a reforming catalyst 
(11). 
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Description 

" FIELD OF THE INVENTION 

[0001] This invention relates to a reformer for produc- 
ing hydrogen-rich reformate gas from hydrocarbon fuel. 

BACKGROUND OF THE INVENTION 

[0002] JP2001 -180904 published by the Japanese 
Patent Office in 2001 discloses a reformer which pro- 
duces reformate gas containing a large amount of hy- 
drogen by causing a reaction of fuel mixture in the pres- 
ence of a catalyst. The fuel mixture comprises hydro- 
carbon fuel such as gasoline or methanol and air as an 
oxidation agent. 

[0003] The reformer is specifically used for producing 
hydrogen which is supplied to an anode of a fuel cell 
stack. In the reformer, the fuel is injected into a premix- 
ing chamber by an injector, mixed with air in the premix- 
ing chamber, and lead to the catalyst as a fuel mixture. 

SUMMARY OF THE INVENTION 

[0004] If the fuel and air are not mixed uniformly, the 
reforming reaction will also not be performed uniformly 
when the catalyst invokes the reaction of the fuel mix- 
ture. If the reforming reaction is non-uniform, the com- 
position of the reformate gas as a result of the reforming 
reaction will not be uniform. 

[0005] In orderto ensure the uniformity of thefuel mix- 
ture, it may be necessary to increase a distance be- 
tween the injector and the catalyst or provide a supple- 
mental premixing chamber. However, these arrange- 
ments make the reformer larger in size with a larger heat 
capacity and increase the complexity of the construc- 
tion. 

[0006] It is therefore an object of this invention to en- 
sure uniform mixing of fuel and air in the reformer while 
preventing the above inconveniences. 
[0007] In order to achieve the above object, this in- 
vention provides afuel reformer which generates hydro- 
gen-rich reformate gas by causing a reaction of hydro- 
carbon fuel in the presence of a catalyst, comprising a 
premixing chamber for mixing the fuel with high temper- 
ature air, an air intake tube which supplies the high tem- 
perature air to the premixing chamber, an orifice dis- 
posed between the air intake tube and the premixing 
chamber, the orifice having a smaller cross-sectional ar- 
ea than a cross-sectional area of the air intake tube, a 
fuel injector which injects the fuel into the high temper- 
ature air, and a homogenizing filter which homogenizes 
theflow of a fuel-air mixture generated into the premix- 
ing chamber and leads the fuel-air mixture to the cata- 
lyst 

[0008] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
- of the specification and are shown in the accompanying 



drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 [0009] FIG. .1 is a schematic diagram of a fuel cell 
power plant provided with a reformer according to this 
invention. 

[0010] FIG. 2 is a longitudinal cross-sectional view of 
the reformer. 

10 [0011] FIG. 3 is a longitudinal cross-sectional view of 
essential parts of the reformer describing a variation in 
the thickness of a homogenizing filter according to this 
invention. 

[0012] FIG. 4 is a diagram describing a characteristic 
15 of fuel concentration of a fuel-air mixture in a premixing 
chamber with respect to a distance from a center axis 
thereof. 

[0013] FIG. 5 is a longitudinal cross-sectional view of 
a reformer according to a second embodiment of this 
20 invention. 

[0014] FIG. 6 is a longitudinal cross-sectional view of 
a reformer according to a third embodiment of this in- 
vention. 

[0015] FIG. 7 is a longitudinal cross-sectional view of 
25 a reformer according to a fourth embodiment of this in- 
vention. 

[0016] FIG. 8 is a cross-sectional view of an air intake 
tube according to the fourth embodiment of this inven- 
tion, taken along a line VIII-VIII in FIG. 7. 
30 [0017] FIG. 9 is a longitudinal cross-sectional view of 
essential parts of the reformer according to the second 
-fourth embodiments of this invention, describing a var- 
iation in the thickness of the homogenizing filter. 

35 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] Referring to FIG. 1 of the drawings, a fuel cell 
power plant 1 for a vehicle comprises a fuel cell stack 
40 2, a reformer5, acarbon monoxide(CO) removal device 
4, an air compressor 3, a combustor 6 and a heat ex- 
changer 7. 

[0019] The fuel cell stack 2 is a stacked body of fuel 
cells which generate electric power by the electrochem- 
45 ical reaction of hydrogen (H 2 ) provided from the reform- 
er 5 via the CO removal device 4 and oxygen (O a ) pro- 
vided in the form of airfrom the aircompressor 3 under 
the presence of a catalyst. 

[0020] Gasoline as a hydrocarbon fuel and air from 
so the air compressor after being heated by the heat ex- 
changer 7 are supplied to the reformer 5. 
[0021] The reformer 5 causes a reaction of fuel-air 
mixture in the presence of a catalyst to produce refor- 
mate gas which mainly contains hydrogen. The refor- 
55 mate gas then flows into the CO removal device 4 to- 
gether with air supplied from the air compressor 3. 
[0022] In the CO removal device 4, preferential oxida- 
tion of carbon monoxide contained in the reformate gas 
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takes place in the presence of a catalyst. Due to this 
reaction, the CO concentration of the reformate gas is 
reduced. The reformate gas after its CO concentration 
has been sufficiently reduced is then supplied to an an- 
ode of the fuel cell stack 2. 

[0023] Hydrogen in the reformate gas supplied to the 
anode of the fuel cell stack 2 is used for electric power 
generation by the fuel cell stack 2. The residual gas at 
the anode is discharged as anode effluent. Since the 
anode effluent still contains a considerable amount of 
hydrogen, it is supplied to the combustor 6 and burned 
in the combustor 6. The combustion gas is supplied to 
the heat exchanger 7 for heating air which is supplied 
from the air compressor 3 to the reformer 5 as described 
above. 

[0024] Next, referring to FIG. 2, the reformer 5 com- 
prises a premixing chamber 12 formed in a cylindrical 
housing 15, a homogenizing filter 17, a heater 18 and a 
reforming catalyst 11. 

[0025] High temperature air is introduced into the 
premixing chamber 1 2 from the heat exchanger 7 via an 
air intake tube 13 formed at an end of the housing 15. 
An orifice 14 for accelerating the air flow inflowing into 
the premixing chamber 12 is formed in the intake tube 
13. 

[0026] The ref ormer 5 further comprises a fuel injector 
1 6. Gasoline is supplied to the fuel injector 1 6 as fuel at 
a constant pressure and the fuel injector 16 injects fuel 
against the airflow in the premixing chamber 12 to gen- 
erate a mixture of fuel and air. The injection point of the 
fuel injector 16 is set to be located on the extension of 
the center axis of the orifice 14. The fuel injection direc- 
tion of the fuel injector 1 6 is set such that fuel is injected 
in the reverse direction of the air flow from the orifice 14 
to the premixing chamber 12. A fuel injector having a 
wide injection angle is applied for the fuel injector 16. A 
sufficient distance is set between the fuel injection point 
of the fuel injector 16 and the orifice 14 to prevent the 
injected fuel from being adhered to the wall of the 
premixing chamber 12. 

[0027] The homogenizing filter 17 is disposed at a 
downstream side of the premixing chamber 12 with re- 
spect to the flow of fuel-air mixture in the housing 15. 
The homogenizing filter 17 is made of a heap of thin met- 
al fibers or porous ceramic and provided with numerous 
cells connected to each other. 

[0028] The heater 1 8 is an electrically activated heat- 
er and disposed in the homogenizing filter 17. 
[0029] In the reforming catalyst 11 , a number of pas- 
sages are delimited by walls coated with a precious met- 
al catalyst. The fuel-air mixture flowing through these 
passages is inevitably in contact with the catalyst, there- 
by performing a chemical reaction. 
[0030] The cross-sectional area of the homogenizing 
filter 1 7 is set equal to that of the reforming catalyst 11 . 
Having the cross-sectional area equal to that of the re- 
forming catalyst 11 causes the fuel-air mixture inflowing 
into the reforming catalyst 11 to disperse evenly, en- 



hance the working efficiency of the reforming catalyst 
1 1 and ensure the constant composition of the reformate 
gas which the reforming catalyst 11 generates. 
[0031] The reformate gas thus generated by the re- 
5 forming catalyst 11 is lead to the CO removal device 4 
from an outlet 1 9 formed at another end of the housing 
15. 

[0032] In the reformer 5, high temperature air spouts 
out from the air intake tube 1 3 via the orifice 1 4 into the 

10 premixing chamber 1 2. The fuel injector 1 6 injects fuel 
towards the flow of this high temperature air. The inject- 
ed fuel collides with the high temperature air, mixed with 
the air, and vaporized upon receiving heat from the high 
temperature air. 

15 [0033] The flow of the fuel-air mixture thus generated 
then collides with the homogenizing filter 17 and circu- 
lates within the premixing chamber 1 2 from the center- 
most part towards outside as shown in FIG. 2. This cir- 
culation promotes the mixing of the fuel and air. Mixing 

20 of the fuel and air is further promoted by the homoge- 
nizing filter 17 when the fuel-mixture passes there- 
through. 

[0034] Since the catalytic reaction performed in the 
reforming catalyst 11 is an exothermic reaction, the ho- 
25 mogenizing filter 1 7 is heated by the heat generated by 
the reforming catalyst 11 . The high temperature of the 
homogenizing filter 1 7 helps to vaporize the fuel in the 
fuel-air mixture. 

[0035] The mixture of the vaporized fuel and hightem- 
30 perature air thus created and uniformly mixed together 
is supplied to the reforming catalyst 11 . Fuel concentra- 
tion in the mixture is therefore sufficiently uniform, so 
the reaction in the reforming catalyst 11 is also per- 
formed uniformly at a constant reaction temperature, 
35 and the resultant reformate gas maintains a constant 
preferable composition. 

[0036] According to this reformer 5, the fuel concen- 
tration of the mixture is homogenized without setting a 
large distance between the injection point of fuel and the 
io reforming catalyst 11 , which can make the reformer 5 
compact in size. 

[0037] The heater 1 8 is activated according to the re- 
forming condition. For example, it is activated when the 
fuel cell power plant starts operation, or when large 
is amount of fuel is supplied to the reformer 5 according 
to a large power generation load, so as to vaporize the 
fuel which is not vaporized by the heat of the high tem- 
perature air. 

[0038] Referring now to FIG. 4, the circulation of the 
so fuel-air mixture formed in the premixing chamber 1 2 has 
a tendency to vary the fuel concentration of the mixture 
at an inlet of the homogenizing filter 1 7 such that it be- 
comes high as it approaches towards the center of the 
cross-section of the premixing chamber 1 2. 
55 [0039] Therefore, it is preferable that the specifica- 
tions of the homogenizing filter 1 7 are determined to 
compensate for the increase in the fuel concentration in 
the centermost part of the inlet of the homogenizingfilter 
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17. 

[0040] Specifically, if the thickness of the homogeniz- 
ing filter 1 7 is constant, it is preferable to set thefineness 
of the homogenizing filter 17 to be different according to 
a distance from the center of the homogenizing filter 1 7 
towards its outer periphery. In the centermost part of the 
filter 17, the fineness should be high and it should be- 
come lower as the distance from the center of the filter 
1 7 increases. 

[0041] If the fineness of the homogenizing filter 1 7 is 
constant, the thickness of the homogenizing filter 17 
should be changed, i.e., it should decrease as the dis- 
tance from the center of the homogenizing filter 17 in- 
creases as shown in FIG. 3. 

[0042] By the above arrangement with respect to the 
specification of the homogenizing filter 1 7, inlet resist- 
ance of the fuel-air mixture into the homogenizing filter 
1 7 is larger at the centermost part and smaller at an out- 
er peripheral part. This difference in the inlet resistance 
compensates for the difference in the fuel concentration 
of the fuel-air mixture and evens out the fuel concentra- 
tion of the fuel-air mixture when it is lead into the reform- 
ing catalyst 11. 

[0043] Next, referringto FIG. 5, a second embodiment 
of this invention with respect to the construction of the 
reformer 5 will be described. 

[0044] According to this embodiment, the fuel injector 
1 6 is disposed in the air intake tube 1 3, not in the premix- 
ing chamber as in the first embodiment. 
[0045] The fuel injector 1 6 is arranged to inject fuel in 
the reverse direction to the flow of the high temperature 
air in the air intake tube 13. In the downstream of the 
orifice 14, an interrupting plate 23 is supported by sup- 
ports 20 which are fixed to the housing 15. The inter- 
rupting plate 23 is in the shape of cone the top end of 
which is directed against the orifice 14. 
[0046] The fuel injected from the fuel injector 16 is 
mixed with the high temperature air flowing through the 
air intake tube 1 3 and forms a fuel-air mixture. The flow 
of this fuei-air mixture is then accelerated by the orifice 
14 and mixing of the fuel and air is further promoted. 
Since the fuel injector 16 is disposed in the air intake 
tube 13 in this embodiment, the distance between the 
fuel injection point and the reforming catalyst 1 1 can be 
set largerthan that of the first embodiment. Accordingly, 
the period from the fuel injection until the catalytic reac- 
tion of the injected fuel can be increased. The mixing of 
the fuel and air can be fully performed during this time 
period. 

[0047] The interrupting plate 23 interrupts the flow of 
the fuel-air mixture spouted out from the orifice 1 4 into 
the premixing chamber 12, thereby dispersing the fuel- 
air mixture in the premixing chamber 12. A number of 
eddies are formed at a downstream side of the interrupt- 
ing plate 23 and these eddies furtherpromotethe mixing 
of the fuel and air. 

[0048] According to this embodiment, therefore, the 
concentration of thefuel in the fuel-air mixture atthe in let 



of the reforming catalyst 1 1 can further be homogenized. 
[0049] Next, referring to FIG. 6, a third embodiment 
of this invention with respect to the construction of the 
reformer 5 will be described. 

5 [0050] According to this embodiment, a swirl genera- 
tor 21 is provided in the orifice 14 instead of the inter- 
rupting plate 23 of the second embodiment. The swirl 
generator 21 exerts a revolving force onto the flow of 
the fuel-air mixture which passes through the orifice 14 

10 so as to form a swirl of the fuel-air mixture around the 
center axis of the housing 1 5 in the premixing chamber 
12. This swirl in association with the inlet resistance of 
the homogenizing filter 17 causes a circulation of the 
mixture in the premixing chamber 12 in the direction 

15 from the outer periphery of the premixing chamber to- 
wards the centermost part thereof at the inlet of the ho- 
mogenizing filter 1 7 as illustrated in the figure. This cir- 
culation further promotes mixing of thefuel and airinthe 
premixing chamber 12. 

20 [0051] Next, referring to FIGs. 7 and 8, a fourth em- 
bodiment of this invention with respect to the construc- 
tion of the reformer 5 will be described. 
[0052] Referring to FIG. 7, according to this embodi- 
ment, a swirl generator 22 is installed in the air intake 

25 tube 13 upstream of the fuel injector 1 6 instead of the 
swirl generator 21 of the third embodiment. 
[0053] Referring to FIG. 8, the fuel injector 16 is ar- 
ranged to inject fuel along a tangent line of the circular 
cross-section of the air intake tube 13 such that the in- 

30 jected fuel joins the swirl of the high temperature air to- 
wards the orifice 1 4. When the resultant fuel-air mixture 
ejected from the orifice 1 4 into the premixing chamber 
1 2, it disperses along the cylindrical wall of the premix- 
ing chamber 1 2 due to the centrifugal force of the swirl. 

35 This dispersal of the fuel-air mixture in association with 
the inlet resistance of the homogenizing filter 1 7 causes 
a circulation of the fuel-air mixture similar to that gener- 
ated by the third embodiment. According to this embod- 
iment also, mixing of the fuel and air in the premixing 

40 chamber 12 is enhanced. 

[0054] In the second - fourth embodiments in which 
the fuel injector 16 is disposed in the air intake tube 13, 
circulation of the fuel-air mixture promoted by the inter- 
rupting plate 23 or swirl generators 21 , 22 takes place 

45 in the premixing chamber 1 2. This circulation of the fuel- 
air mixture has a tendency to vary the fuel concentration 
of the fuel-air mixture at the inlet of the homogenizing 
filter 17. In these embodiments, unlike the case of the 
first embodiment, the fuel concentration is higher at an 

so outer periphery of the premixing chamber 12 with re- 
spect to the centermost part thereof. 
[0055] Accordingly, in these embodiments, it is pref- 
erable to vary the specification of the homogenizing filter 
17 such that it can cancel out the variation in the fuel 

55 concentration of the fuel-air mixture at the inlet of the 
hcMTiogenizing filter 1 7, : 

[G056] Specifically, if the thickness of the homogeniz- 
ing filter 1 7 is constant, the fineness of the homogeniz- 
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ing filter 17 should increase as the distance from the 
center axis towards the outer periphery increases. If the 
fineness of the homogenizing filter 1 7 is constant at any 
part, the thickness of the homogenizing filter 1 7 should 
increase as the distance from the center axis in the ra- 
dial direction increases as shown in FIG. 9. 
[0057] In any of the above cases, the inlet resistance 
to the homogenizing filter 17 is larger at the outer pe- 
ripheral part of the premixing chamber 12 and smaller 
at the centermost part thereof. This difference in the in let 
resistance compensates for the difference in the fuel 
concentration of the fuel-air mixture and evens out the 
fuel concentration of the fuel-air mixture introduced into 
the reforming catalyst 11 . 

[0058] The contents of Tokugan 2002-1 06642, with a 
filing date of April 9, 2002 in Japan, are hereby incorpo- 
rated by reference. 

[0059] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occurto those skilled 
in the art, in light of the above teachings. 
[0060] The embodiments of this invention in which an 
exclusive property or privilege is claimed are defined as 
follows: 



Claims 

1 . A fuel reformer (5) which generates hydrogen-rich 
reformate gas by causing a reaction of hydrocarbon 
fuel in the presence of a catalyst (11), comprising: 

a premixing chamber (12) for mixing the fuel 
with high temperature air; 
an air intake tube (1 3) which supplies the high 
temperature air to the premixing chamber (1 2); 
an orifice (14) disposed between the air intake 
tube (13) and the premixing chamber (12), the 
orifice (1 4) having a smaller cross-sectional ar- 
ea than a cross-sectional area of the air intake 
tube (13); 

a fuel injector (1 6) which injects the fuel into the 
high temperature air; and 
a homogenizing filter (17) which homogenizes 
the flow of a fuel-air mixture generated in the 
premixing chamber (12) and leads the fuel-air 
mixture to the catalyst (11). 

2. The fuel reformer (5) as defined in Claim 1 , wherein 
a cross-sectional area of the homogenizing filter 
(1 7) is set equal to a cross-sectional area of thecat- 
alyst(11). 

3. The fuel reformer (5) as defined in Claim 1 or Claim 
2, wherein the homogenizing filter (17) is made of 
any one of thin metal fibers and porous ceramic. 



4. The fuel reformer (5) as defined in Claim 3, wherein 
the homogenizing filter (17) is formed to have a con- 
stant thickness in the direction of the flow of thefuel- 
air mixture, and a varying fineness according to a 

5 radial distance from a center axis of the homoge- 
nizing filter (17). 

5. The fuel reformer (5) as defined in Claim 3, wherein 
the homogenizing filter (1 7) is formed to have a con- 

10 stant fineness and a varying thickness in the direc- 
tion of the flow of the fuel-air mixture according to 
a radial distance from a center axis of the homoge- 
nizing filter (17). 

is 6. The fuel reformer (5) as defined in any one of Claim 
1 through Claim 5, wherein the homogenizing filter 
(1 7) comprises a heater (1 8) which heats the fuel- 
air mixture flowing through the homogenizing filter 
(17). 

20 

7. The fuel reformer (5) as defined in any one of Claim 
1 through Claim 6, wherein the fuel injector (16) 
comprises a fuel injector (1 6) which injects the fuel 
against a flow of the high temperature air which is 

25 flowing from the orifice (14) into the premixing 
chamber (12). 

8. The fuel reformer (5) as defined in any one of Claim 
1 through Claim 6, wherein the fuel injector (16) 

30 comprises a fuel injector (1 6) which injects the fuel 
towards the high temperature air flowing through 
the air intake tube (13). 

9. The fuel reformer (5) as defined in Claim 8, wherein 
35 the fuel reformer (5) further comprises an interrupt- 
ing plate (23) which redirects a flow of the fuel-air 
mixture which is flowing from the orifice (14) into the 
premixing chamber (12), towards an outer periph- 
ery of the premixing chamber (12). 

40 

10. The fuel reformer (5) as defined in Claim 9, wherein 
the interrupting plate (23) is disposed coaxially with 
the orifice (14) and is formed in a shape of a cone 
of which a projecting end is directed to the orifice 

45 (14). 

11. The fuel reformer (5) as defined in Claim 8, wherein 
the fuel reformer (5) further comprises a swirl gen- 
erator (21 ) which exerts a revolving force on a flow 

so of the fuel-air mixture in the orifice (14). 

12. The fuel reformer (5) as defined in Claim 8, wherein 
the fuel reformer (5) further comprises a swirl gen- 
erator (22) which is disposed in the air intake tube 

55 (13) and exerts a revolving force on a flow of the 
high temperature air in the air intake tube (13), the 
fuel injector (16) is disposed downstream of the 
swirl generator (22) in the air intake tube (13) and 
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arranged to inject the fuel along a tangent line of a 
revolution of the high temperature air. 



10 



15 



20 



25 



30 



35 



40 



45 



55 



EP 1 359 119 A1 




EP 1 359 119 A1 




EP 1 359 119 A1 



5 




LOW 



OUTER — ^CENTER 

PERIPHERY LOCATION AXIS 

FIG. 4 



EP 1 359 119 A1 




EP 1359 119 A1 




EP 1359 119 A1 




EP 1359 119 A1 




FIG. 9 



EP 1 359 119 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 03 0G 3929 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (lnt.CL7) 


X 
Y 


FR 2 801 296 A (DAIMLER CHRYSLER A6) 
25 May 2001 (2001-85-25) 

* page 4, line 36 - page 5, line 24 * 

* page 6, line 27 - page 7, line 7 * 

* page 8, line 5 - page 9, line 2 * 

* page 9, line 22 - line 32 * 

* figure 1 * 


1-3,8 
6,9,10 


C01B3/38 

HO1M8/06 


Y 


EP 0 913 357 A (NGK INSULATORS LTD) 
6 May 1999 (1999-05-06) 

* paragraph [0043] - paragraph [Q050] * 

* figures 1,2 * 


6 




Y 


DE 100 21 815 A (DAIMLER CHRYSLER AG) 
8 November 2001 (2001-11-08) 

* paragraph [0007] - paragraph [0010] * 

* paragraph [0021] - paragraph [0026] * 

* paragraph [0033] - paragraph [0036] * 

* figures 1,3,4 * 

DE 27 23 685 A (SIEMENS AG) 
30 November 1978 (1978-11-30) 

* page 6, line 25 - page 8, line 14 * 

* page 11, line 20 - line 27 * 

* figure 1 * 


9,10 




A 


1-3 


TECHNICAL FIELDS 
SEARCHED (lnLCI.7) 




C01B 

H01M 


A 


W0 01 76731 A (HYDROGEN BURNER TECHN INC) 
18 October 2001 (2001-10-18) 

* page 14, line 15 - page 16, line 28 * 

* figure 8 * 

-/" 


1,7 




The present search report has been drawn up lor all claims 







17 July 2003 



Coquau, S 



CATEGORY OF CITED DOCUMENTS 



Y : particularly relevant if c 

document of the same category 
A : technological background 



L : document cited for other ret 



& : member of the same patent family, corresponding 



EP 1 359 119 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 03 00 3929 



DOCUMENTS CONSIDERED TO BE RELEVANT 



WO 97 37929 A (BASINI LUCA ;D0NATI GIANNI 
(IT); SNAM PROGETTI (IT)) 
16 October 1997 (1997-10-16) 

* page 5, line 24 - page 7, line 10 * 

* page 8, line 15 - page 9, line 11 * 

* page 10, line 18 - page 11, line 4 * 

* page 15, line 19 - page 16, line 4 * 

* figure 1 * 

US 5 987 878 A (MAKINO YUJI ET AL) 
23 November 1999 (1999-11-23) 

* column 5, line 33 - line 56 * 

* column 9, line 26 - column 10, line 12 " 

* column 12, line 31 - line 36 * 

* figures 3,5 * 



1,2,11 



17 July 2003 



Coquau, S 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken atone 



4: member of the as 



EP 1 359 119 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 03 00 3929 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

17-07-2003 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


FR 2801296 


A 


25-05-2001 


DE 


19955929 Al 


13-06-2001 






FR 


2801296 Al 


25-05-2001 


EP 0913357 


A 


06-05-1999 


JP 


11130485 A 


18-05-1999 








CA 


2252073 C 


13-05-2003 








EP 


0913357 Al 


06-05-1999 








US 


2002081253 Al 


27-06-2002 


DE 10021815 


A 


08-11-2001 


DE 


10021815 Al 


08-11-2001 


DE 2723585 


A 


30-11-1978 


DE 


2723685 Al 


30-11-1978 


WU Oi/b/Jl 






AU 




23-10-2001 








WO 


0176731 Al 


18-10-2001 








US 


2901046462 Al 


29-11-2001 


WO 9737929 


A 


16-10-1997 


IT 


MI960690 Al 


13-10-1997 








AU 


2384597 A 


29-10-1997 








DE 


69702190 Dl 


06-07-2000 








DE 


69702190 T2 


14-12-2000 








DK 


892760 T3 


21-08-2000 








WO 


9737929 Al 


16-10-1997 








EP 


0892760 Al 


27-01-1999 








N 


0 


984735 A 


08-12-1998 








RU 


2175636 C2 


10-11-2001 


US 5987878 


A 


23-11-1999 


JP 


3196549 B2 


06-68-2001 








JP 


8189380 A 


23-67-1996 








US 


5826422 A 


27-10-1998 








GB 


2296719 A ,B 


10-07-1996 








GB 


2305186 A ,B 


02-04-1997 








US 


5873236 A 


23-02-1999 





& For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



